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(57) A multl-Iayerfullerene, particularly a carbon na- 
no-onion which is nano-size particulate can be pro- 
duced efficiently and In high purity by Irradiating sobt- 
Jike carbon such as carbon biack obtained by incom- 



plete combustion or thermal cracking of carbon-contain- 
ing compound such as hydrocarbon, aromatic oil and so 
on with high energy such as electron rays, gamma rays, 
X-rays, beam from an ion source and so on t and heat- 
treated. 
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Description 

TECHNICAL FIELD 

[0001] The present Invention relates to a novel proc- 
ess for preparing a carbonaceous material, and more 
particularly, to modification of carbon black and to a 
process for preparing and purifying nano-slze particu- 
late graphite, a kind of fullerene. 

BACKGROUND ART 

[0002] A fullerene which has received attention as 
new carbon is, chemically, a transformation of carbon 
black. Comparing the former with the latterwlth respect 
to a micro structure; the iatter Is formed by stacking an 
Infinite honeycomb-shaped network plane at uniform in- 
tervals In parallel regularly in three-dimensions; contrary 
to this, in the case of the former a closed minimum unit 
system corresponding to a molecule can be strictly de- 
fined and the individual system Is composed of, in prin- 
ciple, polyhedron -type network comprising arbitrary 
number of hexagon and 12 pentagons. For such a 
unique structure, the fuliorene has been investigated as 
a new material of the twenty-first century in each field 
and It has been expected that the fuilerene can be ap- 
plied In a wide variety of fields from a superconductor, 
semiconductor and nonlinear optfcal material down to 
new type fuel and novel pharmaceutical active sub- 
stances. 

[0003] Form of the fullerenecan be divided intospher- 
ical-type and tube-type. And mono layer-type and multi- 
layer type are known In each type. An active basic re- 
search has been developed everywhere in the world on 
C 60 , C 70 and mono-layer and multl -layer carbon nano- 
tubes as objects. Papers of 13,000 and above have 
been printed and published from 1990 and 1991 when 
these two forms of fullerene carbon has been Isolated 
for the first time up to the present time. Nobel Prize for 
chemistry was awarded for discovery of C 60 , From such 
facts as above described, strength of impact given by 
the appearance of fulierene carbon to a scientific and 
technological field can be surmised. Examining, howev- 
er, aspects of the applications of the fullerene, it can be 
said that there are many technical problems to be solved 
from the standpoint of industrial aspect^ for example the 
production cost of C 60 and carbon nano-tube are not yet 
short of ¥1 ,000,000 per kg at present, respectively 
[0004] The fullerene is included In specific soot, that 
ls r fullerene black obtained by subjecting a graphite 
electrode to arc-discharge or irradiating graphite with la- 
ser in an inactive atmosphere such as helium and so on 
to vaporize carbon, cooling slowly and aggregating. The 
form of the fullerene Is generally as follows: 
[0005] Mono-layer sphere— Fullerene in a narrow 
sense shown by the general formula G n . While C 60 and 
C 70 are representative for C n , there are many cases 
where 76^n<100 is called as "higher fullerene" and 



76£n<100 is "giant fullerene." The higher fullerene Is 
soluble in an organic solvent and can be extracted and 
Isolated from the fullerene black. C eo is a true sphere 
having a diameter of 0.7, but tho remainder is an elllp- 
5 soidal sphere or polyhedron. 

[0006] Multi-layer sphere— Concentric mufti-layer 
polyhedron particles having a small cavity therein exist 
in the fullerene black, which are called as "carbon nano- 
particle." 

10 [0007] Mono-layer tube-type— This takes the form 
that a mono-layer fulierene is divided into two equal 
parts and a small wound graphite plate Is Inserted be- 
tween them and connected. This can be formed by mix- 
ing a certain kind of motal catalyst with graphite by 

*s means of arc discharging method to vaporize, which is 
called as "mono -layer carbon nano-tube/ 
[0008] Multi-layer tube-type— This has the structure 
that several or tens layers of mono-layer carbon nano- 
tubes having different thicknesses are stacked concen- 

20 tricatly. This can be formed in a residue of cathode by 
arc-discharge on a graphite electrode without a catalyst. 
[0009] in the multi-layer sphere fulierene of the 
above-described fulierenes, the true sphere-type hav- 
ing no excess space therein has been discovered other 

25 than the above-described polyhedron type having a cav- 
ity therein. That is to say, if the fullerene black is Irradi- 
ated with a concentrated electron beam in an electron 
microscope, a polyhedron-type carbon nano-particle 
contained therein changes to a substantial true sphere- 
so type multi-conGentric structure having no cavity therein. 
This product is called as "carbon nano-onion." Since the 
carbon nano-onion shows substantially perfect sphere, 
it has been expected to have more interesting perform- 
ance than the polyhedron-type carbon nano-particle, 

35 and it is called as "ultimate fullerene." 

[0010] Each of the concentric polyhedron-type fuller- 
ene having a cavity therein, that Is "carbon nano-partf- 
cle" and the concentric true sphere-type fullerene hav- 
ing no cavity can be regarded as a cage transformation 

40 ofgraphite.Theiattertruesphere-typefullereneisaklnd 
of unstable phase as described below, and ft is consid- 
ered that the fatter true sphere- type fulierene changes 
to a stable polyhedron-type fullerene having no cavity 
by heat treatment. 

45 [0011] However, the studies on nano-slze particulate 
graphite have been undertaken by making use of fuller- 
ene black as a raw material. Since it Is, however, difficult 
to separate amorphous carbon or other products con- 
tained In the fulierene from the nano-size particulate 

so graph lte f the nano-size particu fate g raph Ite itself has not 
been Isolated yet. Further, an effective method for pre- 
paring the nano-size particulate graphite has not yet de- 
veloped. It Is, therefore, the present condition that the 
properties of the nano-size particulate graphite have not 

55 been clarified yet. 
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DISCLOSURE OF THE INVENTION 

[0012] For such reasons as above described, It has 
been eagerly required to produce nano-size particulate 
graphite efficiently and In high purity and to clarify its 
properties, 

[0013] That is to say, a problem of the present Inven- 
tion Is to provide a process for preparing nano-slze par- 
ticulate graphite efficiently and In high purity and to pro- 
vide hlgh-purifled nano-slze particulate graphite pro- 
duced by the process. 

[0014] The Inventor of the present invention has stud- 
led devotedly In order to sofve the above-described 
problem. In the process of our studies, sooMIke carbon 
having a grape-like aggregate structure of nano-primary 
particles formed by stacking Irregular concentric 
spheres In multiple layers was irradiated with high en- 
ergy beam such as strong electron rays for a short time, 
As a result, It has been surprisingly observed that the 
primary particles changes to true sphere-like carbon na- 
no-onion and simultaneously the aggregate Is trans- 
formed to a state that particles are dispersed. 
[0015] It has been considered that the carbon black 
does not take a micro structure having three-dimension- 
al regularity such as graphite, but Is not perfect amor- 
phous, and that the carbon black shows broad absorp- 
tion In the vicinity of low diffraction angle of 20-30° In 
powder X-ray diffraction and has a partial structure in 
which nano-size carbon f fakes comprising multi-nucleus 
aromatic skeleton are stacked In multiple layers. For this 
reason, the carbon black Is called as low regularity car- 
bon. When such carbon Intact Is heat-treated at temper- 
atures of 3000°C and above, there Is a case where It Is 
graphitlzed such as pitch coke (easiiy-graphitizatlon 
carbon). However, it becomes generally a concentric 
polyhedron -type micro particle having faces formed by 
minute graphite layers stacked and having a big cavity 
therein, The latter Is not graphitlzed, even If It Is heated 
at high temperatures (hard-graphitlzation carbon), 
When, however, the micro structure of the carbon black 
or soot before heat-treatment Is well observed, it ap- 
pears that substantial sphere nano-size particles aggre- 
gate In a state of grape and the primary particle has a 
lamellar structure, 

[0016] it has been believed from X-ray analysis that 
such a lamellar structure Is formed by depositing plane- 
like graphite crystallites having an average size of 1.7 
nm repeatedly In the direction parallel to a spherical sur- 
face, it can be, theref ore, said that the above-described 
discovery by the inventors of the present invention Is en- 
tirely surprising. 

[001 7] The Inventors of the present invention have de- 
votedly studied the structure of low regularity graphite 
Independently from the theory of crystallite graphite 
which has been conventionally believed to be true. As 
a result, we have succeeded in producing nano-slze 
particulate graphite efficiently and in high purity and ac- 
complished the present invention. 



[0018] That is to say» the present invention relates to 
a process for producing nano-size particulate graphite 
comprising: irradiating carbon having a micro structure 
which is a grape-like aggregate of nano-primary particle 
5 formed by stacking irregular concentric spheres in mul- 
tiple layers, said primary particle having no cavity there- 
in and a diameter of approximately 1 0 to 1 00 nm with 
high energy beam. 

[0019] Further, the present Invention relates to the 
10 above-described process characterized In that the na- 
no-size particulate graphite is true sphere. 
[0020] Further, the present Invention relates to the 
afore-mentioned process characterized in that heat- 
treatment is carried out after Irradiation with high energy 
is beam. 

[0021] Further f the present invention relates to the 
afore-mentioned process characterized in that nano- 
slze particulate graphite Is polyhedron. 
[0022] Further, the present invention relates to a proc- 
ess for producing nano-size particulate graphite com- 
prising Irradiating soot-like carbon which is obtained by 
incomplete combustion orthermai cracking of a carbon- 
containing compound such as hydrocarbon, aromatic oil 
and so on with high energy beam. 
[0023] Further, the present invention relates to the 
above-described process characterized in that the soot- 
flke carbon is carbon black. 

[0024] Further, the present invention relates to the 
above-described process characterized in that the na- 
no-slze particulate graphite is true sphere. 
[0025] Further, the present Invention relates to the 
above-described process characterized in that heat- 
treatment is carried out after irradiation with high energy 
beam. 

[0026] Further, the present invention relates to the 
above- described process characterized In that nano- 
size particulate graphite Is polyhedron. 
[0027] Further, the present invention relates to the 
above-described process characterized in that the high 
energy beam is at least one selected from the group 
consisting of electron rays, gamma rays, X-rays and 
beam from an Ion source. 

[0028] Further, the present invention relates to nano- 
slze particulate graphite produced by any one of the 
above-described processes. 

[0029] While there Is a portion which Is not yet clear 
with respect to the mechanism of the formation of nano- 
slze particulate graphite of the present invention, It can 
be inferred, on the whole, to be as follows: 
[0030] The afore-mentioned theory of graphite crys- 
tallite on carbon black has been considered to be high 
reliable because it has been derived from the results of 
X-ray analysis. However, the theory of graphite crystal- 
lite is unfavorable, because numerous atomic bonds are 
left at the ends of the crystallite without being bonded, 
it is rather natural to consider that the carbon black 
takes, on the whole, the structure analogous to that of 
carbon nano-onion having numerous defects, because 
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there are many cases where a five-membered ring Is 
formed when adjacent crystallites are bonded each oth- 
er, It cart be understood that the five-membered ring 
formed has been probably overlooked by X-ray analy- 
sis, because the diffraction strength of X-ray is extreme- 
ly low relative to the structure around the five-membered 
ring Irregularly distributed. When the carbon black Is 
heat-treated, the heat relaxation proceeds preferential- 
ly, because more time is required for elevation of interior 
temperature. Accordingly, the minute graphite structure 
grows toward graphite which Is the most stable structure 
of carbon. However, particulate structure can be main- 
tained because the five-membered ring does not disap- 
pear by heating. Therefore, the carbon black Is sup- 
posed to have changed to such hard-graphltlzed carbon 
as described above. It is considered that a big cavity 
inside the carbon results from gas generated by thermal 
cracking of impurities and the like. However, when the 
interior temperature is Increased within such a short 
range of time that does not allow relaxation for graphite 
structure or decomposition of impurities to occur by ir- 
radiating the carbon black with high energy beam, it is 
considered that the carbon black changes toward car- 
bon nano-onion which is nearthe minimum point of en- 
ergy on the surface the energy at which Is over the en- 
ergy radiated. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0031] 

Fig. i is a high-resolution transmission electron mi- 
crograph showing a part of the structure of aggre- 
gate of ultra fine furnace black and particles inside 
thereof. 

Fig. 2 is a high-resolution transmission electron mi- 
crograph showing a true sphere-type stacking 
structure of carbon nano-onion obtained by irradi- 
ating the same sampie of furnace blaGk as that 
shown in Fig, 1 with strong electron rays. 

EMBODIMENT FOR CARRYING OUT THE 
INVENTION 

[0032] According to the present invention, an exam- 
ple of carbon having a micro structure which is a grape- 
like aggregate of nano-primary particle formed by stack- 
ing Irregular concentric spheres in multiple layers, said 
primary particle having no cavity therein and a diameter 
of approximately 10 to 100 nm is soot-iike carbon ob- 
tained by Incomplete combustion ortherrnai cracking of 
a carbon-containing compound such as hydrocarbon, 
aromatic oil and so on and is typically carbon black. As 
the carbon bfack is preferable a highfy purified product 
having the structure that multi-fayer spherical shell 
structure of primary nano-particles constituting the mi- 
cro-aggregate grows into Inside of the particle, 
[0033] In general, the size ofthe primary nano-particle 



of carbon black is from 10 to 1000 nm. Since, however, 
there is a tendency that the reguiarity of the inside struc- 
ture of the primary particle lowers as the particle is big, 
the particle having a smali diameter is preferable in or- 
5 der to achieve the object of the present invention. That 
is to say, according to the present invention, the particle 
having a diameter of from 10 to 100 nm is preferably 
used, and the particle having a diameter of from 10 to 
1 5 nm is more preferably used, Whlfe the particulate ag- 
10 gregate structure peculiar to carbon black is strength- 
ened by ath in layer-like carbon cro ssi i n ked b etwee n t he 
particles, the crosslinked structure Is broken and disap- 
peared by Irradiation with strong electron rays. 
[0034] The high energy beam used in the present in- 
is vention Is beam having high energy such as electron 
rays, gamma rays, X-rays or beam from an Ion source 
and so on. It Is required to monitor the process of trans- 
formation of the structure of the primary particle by 
means of an electron microscope, 
20 [0035] For example, when electron rays are used as 
high energy beam, It is preferable to increase the current 
density by virtue of heating, an inert atmosphere or high 
vacuum, increase in electrical voltage, beam concentra- 
tion and so on, or it is preferable to irradiate while ad- 
25 justing appropriately the time for irradiation. This is be- 
cause that the electric density under a usual electron 
rays-irradiating apparatus is iow compared with that in- 
side an efectron microscope. Also, when the high ener- 
gy beam other than electron rays is used, it is preferable 
so to carry out appropriately, taking the above-described 
points into account. 

[0036] Production of the nano-size particulate graph- 
ite on a commercial scale can be carried out by selecting 
the carbon black having a particle diameter of 1 0 to 1 00 
35 and below, more preferably 1 0 to 20 and befow and ir- 
radiating It with strong efectron rays for a short time, 
Time for irradiation depends on both the strength of 
electron rays and the degree of vacuum, and the former 
depends on both the accelerating voltage and the cur- 
40 rent density, it is preferable to carry out Irradiation in high 
vacuum. 

EXAMPLE 

45 [0037] The present invention Is described beiow more 
in detail with reference to an example of the present in- 
vention, but not limited thereto. 

[0038] A certain amount of commercially available ul- 
tra fine-grade carbon black ('TOKABLACK # 8500/F rt for 

50 color ♦ conductivity produced by TOKA1 CARBON CO, 
LTD. was pulverized by an agate mortar, and suspended 
in acetone maintained at room temperature, and then 
subjected to ultrasonic treatment forthree minutes. Su- 
pernatant liquid was scooped up by a coppergrid coated 

55 with a carbon fifm and first observed its transmitted Im- 
age under a pressurized voltage of 200 kv by the use of 
an electron microscope made by NIHON DENSHI CO M 
LTD. As shown In Fig, 1 , a grape-like aggregate struc- 
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ture composed of irregular spherical nano-partlcles is 
observed, A basic rra no-pa rtlcle has an average diam- 
eter of 1 4 nm , and a state is shown that several particles 
are covered up with several layers of carbon layer to 
form strong aggregate, 

[0039] Next, a diaphragm for electron rays v/as re- 
moved so as to pass whole electron rays through a 
specimen, and the current density was Increased up to 
the maximum. When Irradiation v/as carried out for four 
minutes, the grape-like aggregate structure composed 
of irregular spherical nano-particles which were Initially 
present disappeared and whole particles changed to 
particulate graphite, Hereinafter the particulate graphite 
Is referred to as "carbon nano-onion" because it is a true 
sphere, Such state Isshown in Fig. 2. Whllethe diameter 
of the carbon nano-onlon fs substantially the same as 
that of the basic particle before Irradiation, the distance 
between spherical shells decreases to 0.34-0.35 nm 
from 0.35-0.38 nm before irradiation and approaches 
0.335 nm which is the distance between graphite layers. 

INDUSTRIAL APPLICABILITY 

[0040] It can be anticipated that the fact that the 
present invention made it possible for the first time to 
Isolate the carbon expected as "ultimate fullerene" ex- 
tremely simply and efficiently gives Inestimable effect to 
the carbon material- related art field, 
[0041] The production cost of C 60 and carbon nano- 
tube are not yet short of ¥ 1 ,000,000 per kg. Contrary to 
this, since the carbon nano-onion can make use of the 
so-called heaven-sent Ideal raw material, that is, carbon 
black which Is extremely cheap and highly purred car- 
bon, it Is worthy of being noticed that the fact that the 
carbon nano-onion has from the beginning overwhelm- 
ing advantageous cost factors as a fuilerene-group car- 
bon material. 

[0042] The carbon nano-onion of the present inven- 
tion can immediately find Its way Into many promising 
Industrial applicability with reference to many useful 
properties and uses having been discovered for C 60r 
C 70f and mono-layer and multi-layer carbon nano- 
tubes. However, it can be easily anticipated that there 
are many unique uses on the basis of the characteristics 
peculiar to the carbon nano-onion, that is, mesoscopic 
particle size beyond the category of molecule, unique 
true spherical form which has been hardly seen, resist- 
ance to fracture resulted from such an onion structure 
that even if the outermost surface is broken, a new sur- 
face similar thereto appears always from the Inside and 
so on. While severai examples of the use of the carbon 
nano-onion of the present invention aro shown below, 
more stab le nano-size polyhedron-type graphite formed 
by subjecting the carbon nano-onion to heat-treatment 
can be used for similar uses, 



(1) Hydrogen storage material 

[0043] While a fullerene C 60 is an effective hydrogen 
carrier, a hydrogen addition reaction does not proceed 

s as expected due to steric hindrance by a high hydrogen- 
added adduct Since, however, the surface of the carbon 
nano-onion Is a high reactive giant fuiferene, the carbon 
nano-onion has no drawback in size which has been 
seen in the minimum fullerene Cqq and is promising for 

10 a hydrogen storage material for its cheapness, A cheap 
and light hydrogen storage material Is used for a fuel 
cell-driven automobile. 

(2) Light absorbent 

15 

[0044] Whiie one of a most promising use of C 60 is an 
optical limiter, the carbon nano-onlon Is expected to 
have high absorbing capability per unit weight, because 
all the fullerene shell constituting the carbon nano-onion 
^0 can work as a light absorbent Independently, if a polar 
group is added on the surface of a thin film small carbon 
nano-onion, it may be possible to make a water soluble 
optical limiter. 



[0045] Since the carbon nano-onion has no weakcav- 
ity In a particle, it has high resistance against deforma- 
tion. It is, therefore, expected that not only individual 
30 particles but also aggregate thereof show high hardness 
and that the carbon nano-onion can resist against se- 
vere weight load; which Is well comparabJe to the fact 
thatthecarbonnano-tubehas possibility that it becomes 
probably a fiber material showing the highest tensile 
55 strength on earth. 

(4) Raw material for micro diamond 

[0046] ft is known that when the carbon nano-onion is 
40 irradiated with electron rays while heating, phase tran- 
sition to diamond occurs inside the particle. The transi- 
tion has conventionally been carried out only in an elec- 
tron microscope. According to the present Invention, 
however, there are prospects for mass production of mi- 
45 cro diamond from carbon black. 

(5) Rubber reinforcing agent 

[0047] If the technology for producing carbon nano- 
so onion or nano-slze polyhedron-type graphite from car- 
bon black at low cost on a large scale is completed by 
carrying out the present fnventlon, It is possible to re- 
place a part of the use of the carbon black with another 
use. 96 percent of the use of carbon black Is for a rubber 
35 and 60 percent or more thereof is for a tire. It can be 
easily anticipated that the carbon nano-onion shows ex- 
cellent properties superior to those of carbon black, if 
high cohesive carbon black Is compared with carbon na- 



25 (3) Super hard material 
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no-onion basically having a state that molecules are dis- 
tributed with respect only to bound rubber and carbon 
gel which are factors for rubber reinforcement. 

(6) Metal nano-capsule 



bon, aromatic oil and so on with high energy 
beam. 

A process described in claim 5, characterized rn 
that the sooMike carbon Is carbon black. 



[0048] A metal nano-capsule has been produced by 
applying arc-discharge to graphite formed by incorpo- 
rating metal Into the graphite and baking. Since, how- 
ever, vaporization process js through high temperature 
near 5000 *C In the case of arc-dfscharge, it has been 
difficult to control capsule size or to isolate by-products 
such as carbon nano-tube, fulierene, amorphous car- 
bon and so on from metal nano-capsule. It is anticipated 
that if irradiation with high energy beam such as electron 
beam and so on is carried out under coexistence with 
metal after carbon nano-onlon has been isolated and 
purified, recompositlon or shrinkage of the fulierene 
shells constituting the carbon nano-onlon occurs and 
metal enters the inside of the onion. Preliminary exper- 
iments therefore are carried out. The metal nano-cap- 
sule Is expected to have extensive applications such as 
a magnetic recording medium, radioactive isotopetreat- 
ment and so on. it is f therefore, expected that selective 
production of the metal nano-capsule is made possible. 



Claims 



7. A process described in claim 5 or 6, characterized 
in that the nano-size particulate graphite Is true 
sphere. 

10 

& A process described In claim 5 or 6, characterized 
In that heat-treatment Is carried out after Irradiation 
with high energy beam, 

15 9, A process described in claim 8, characterized In 
that the nano-size particulate graphite is polyhe- 
dron. 

10, A process described in any one of claims 1 -9 f char- 
ge acterized in that the high energy beam is at least 
one selected from the group consisting of electron 
rays, gamma rays, X-rays and beam from an ion 
source. 

25 11. Nano-size particulate graphite produced by the 
process described in any one of claims 1-1 0. 



1- A process for preparing nano-size particulate so 
graphite comprising: 

irradiating carbon having a micro structure 
which is a grape-like aggregate of nano-prfma- 
ry particle formed by stacking irregular concen- 35 
trie spheres in multiple layers, said primary par- 
ticle having no cavity therein and a diameter of 
approximately 10 to 100 nm with high energy 
beam* 

40 

2. A process described in claim 1 f characterized In 
that the nano-size particulate graphite is true 
sphere. 

3. A process described In claim 1, characterized In 45 
that heat-treatment Is carried out after irradiation 
with high energy beam, 

4. A process described in claim 1 1 characterized In 
that the nano-size particulate graphite is poiyhe- so 
dron. 



5, A process for preparing nano-size particulate 
graphite comprising: 

irradiating soot-iike carbon obtained by Incom- 
plete combustion or thermal cracking of a car- 
bon-containing compound such as hydrocar- 
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